Background. High intensity of acute postsurgical pain is one of the strongest predictors of chronic postsurgical pain (CPSP). We investigated if different types of patients with distinct combinations of initial pain intensity and rate of pain resolution exhibit different risks for increased pain intensity six months after surgery.
Results. Three types of patients were distinguished on the basis of acute pain trajectories. The majority of patients (57%) showed an unproblematic pattern of little initial pain on the first postoperative day, combined with further pain resolution over the four subsequent days. There also was a substantial group of patients (30%) who started out with severe pain but exhibited a high rate of pain resolution. Finally, we found a problematic group of patients (13%) who reported high pain intensities throughout all five postoperative measurements, with no signs of pain resolution. Even after controlling for preoperative pain intensity, these patients exhibited significantly higher pain intensities six months after surgery than the remaining patient groups.
Conclusions.
In this study, we demonstrated that there is substantial variation in postsurgical pain trajectories, not only with regard to postsurgical initial pain intensity, but also with regard to individual rates of pain resolution. Successful pain resolution appeared to be a better predictor of absence of increased pain intensities six months after surgery than initial pain immediately after surgery. Hence, attention should be given to appropriate pain treatment in order to minimize the risk of CPSP.
Introduction
Chronic postsurgical pain (CPSP) is pain that develops after surgery and persists for at least two months, with exclusion of other causes and preexisting problems [1] . CPSP presents a frequent health problem; long-term painful sequelae of surgery occur following amputation of an extremity (30-50% [1] [2] [3] ), thoracotomy (30-50% [4-7] ), herniorrhaphy (10% [8] ), hysterectomy (17% [9] ), and mastectomy (8-30% [9] [10] [11] [12] ). In principle, all surgical procedures have the potential to cause CPSP [13] . CPSP is an important factor in delaying recovery and return to normal daily living [1, 11] . Chronic pain increases resource use and health care costs [8, 13] and impairs patients' quality of life [8, [14] [15] [16] . Even low levels of residual pain are associated with decreased physical and social function as well as a diminished perception of overall health [17] .
Several risk factors for the development of CPSP have been identified [18] [19] [20] . Previous research has shown that preoperative existing pain [20] and a high intensity of acute postsurgical pain [21] [22] [23] [24] [25] [26] , particularly movement-evoked pain [20, [27] [28] [29] , are among the strongest predictors for CPSP. When examining the impact of acute postsurgical pain on the development of CPSP, most authors consider one single indicator of acute pain (i.e., worst/average pain intensity of a onetime measurement, or the mean of several measurements), and the course of acute postoperative pain is not taken into account. There is evidence that the use of longitudinal trends inferred from repeated pain measurements is superior to using single measurements for the identification of patients who are at risk of developing chronic pain [20, 30] . However, the study by Althaus et al. [31] also showed that there was a considerable degree of heterogeneity of individual pain trajectories, reflected in sizeable and significant variances of initial postoperative pain and postsurgical pain resolution rate. After all, the "typical" pain trajectory represents an average development from which some individual patients may deviate quite markedly; in essence, previous work on "the" pain trajectory assumes that all patients come from one homogenous population, and this assumption may not always hold. Hence, the goal of the present study is to extend the previous research by examining interindividual variations in the shape of pain trajectories more in detail. This is accomplished by exploring different groups of patients with distinct combinations of initial pain intensity (e.g., high vs low pain intensity on the first postoperative day) and rate of pain resolution (e.g., favorable pain resolution indicated by a negative slope, no change indicated by a "flat" slope, or even pain aggravation indicated by a positive slope). Considering different types of patients based on the similarity of their pain trajectories may help to describe interindividual differences adequately; however, this requires switching from a conventional variable-centered approach to person-centered analysis. The main innovation of the present study that is of high clinical relevance is the aim at investigating whether different types of patients with typical combinations of initial pain intensity and rate of pain resolution exhibit different risks for developing CPSP. In addition to describing types of postoperative pain trajectories, the present study might contribute to enhancing current clinical and scientific efforts to identify high-CPSP risk patients.
Methods

Data Acquisition
Between August 2007 and March 2008, we obtained prospective data from 245 patients who underwent orthopedic surgery, general surgery, visceral surgery, and neurosurgery at the Cologne Merheim Medical Center, and 199 of these patients provided follow-up data at six months after baseline assessment; the data of 174 patients having provided complete data were included in the present analyses. All were elective surgery patients, and there was no restriction to the type of surgery. Exclusion criteria were age <18 years, cognitive impairment, and insufficient knowledge of the German language. We obtained institutional ethical approval for this study, and all subjects provided written informed consent to participate.
Patients provided data on clinical, psychological, and social parameters in the hospital one day before the surgical intervention (T 0 , baseline). Preoperative pain was assessed using a standardized dichotomous item (Have you suffered from preoperative pain in the part of the body operated on? no/yes).
(T 1 ) Patients reported postoperative acute pain using a numerical rating scale (NRS; 0 ¼ no pain at all, 10 ¼ pain as bad it could be), assessing the average pain intensity of the day when moving. The data were collected in the evening beginning one day after the operation until the fifth day after the operation.
The outcome parameter "intensity of chronic pain six months after surgery" was assessed as follows: Six months after the operation (T 2 , follow-up survey), the patients reported their present pain intensity in the site of surgery, rated via a standard NRS [32] .
Analytical Approach
Latent growth curve (LGC) analysis is a commonly used tool in the social sciences for inferring trends over time from repeated measurements [33] . LGC analysis is capable of inferring linear (and nonlinear) trends over time. Applying the approach to repeated postoperative pain measurements, both the average pain trajectory and the amount of interindividual variation around this trajectory were estimated; in the simplest linear specification, trajectories can be described mathematically by two parameters, an intercept (i.e., initial pain intensity at the first measurement) and a slope (upward, flat, or downward trend) [34] . A pain trajectory thus represents the development of pain over time (e.g., on the first couple of postoperative days) for an average patient [30] . As such, this approach implicitly assumes that all studied individuals come from one large, homogenous patient population and that interindividual variations are basically random (i.e., not systematic). The interindividual variances of intercepts and slopes are also estimated from the data; although this interindividual variability may be clinically meaningful, it is usually not focused on in the analysis when using this variable-centered analytical framework.
In order to relax the aforementioned questionable assumption of a single homogenous population, some extensions to the simple LGC approach have been proposed that statistically allow for the possibility that patients come from distinct subpopulations. In the socalled growth mixture modeling (GMM) approach, individuals are classified into different groups based on the shapes of their individual growth trajectories (i.e., combinations of intercepts and slopes). This procedure thus introduces a person-centered approach into the analysis in that it classifies persons (e.g., patients) into distinct latent classes (groups), based on the shape of their trajectories [35] . It is vital to understand that this approach is exploratory in nature; hence, the exact number of classes depends on the research topic and the indicators used and is determined ex post based on both substantive interpretability and fit to the data [36] . After the number of classes has been established empirically, the probability of membership in each class is estimated for each individual. The individual latent class membership (e.g., patient type with regard to postsurgical acute pain resolution) can then be regressed onto predictors (e.g., baseline pain intensity) in a multinomial logistic regression analysis, and it can also be used to predict other outcomes (e.g., chronic pain). In the present study, this analytical approach was used to assess the clinical relevance of the individual types of acute pain trajectories for the prediction of chronic postsurgical pain.
In line with the exploratory approach underlying GMM, a number of different models were estimated prior to selecting the best-fitting yet parsimonious final model, following the recommendations of Jung and Wickrama [36] and Petras and Masyn [40] . In the first step, a simple growth model was tested to describe the average pain trajectory for the whole sample and to determine the amount of interindividual variation in trajectories. In the second step, unconditional (i.e., excluding causal antecedents or consequences) GMMs were specified to explore the adequate number of classes representing distinct types of pain trajectories in the data. Subsequently, we increased the number of classes until both substantive interpretability and model fit (in terms of the Bayesian Information Criterion [BIC]) no longer improved substantially after adding another class, indicated by a nonsignificant Luo-Mendell-Rubin (LMR) likelihood ratio test. This procedure leads to an acceptable trade-off between parsimony (i.e., a small number of classes) and fit to the empirical data. Finally, we tested for effects of class membership with regard to acute pain trajectories on chronic pain while controlling for baseline (preoperative) pain intensity ("conditional models"). All analyses were conducted using MPlus [39] . With regard to the effects of pain trajectory classes on the clinical end point (chronic pain), we tested mean differences in chronic pain (T 2 , six months after surgery) across the previously identified postoperative pain trajectory latent classes (i.e., the groups of patients that could be distinguished based on their acute pain trajectories). The resulting Wald statistic is asymptotically chisquare distributed [40] ; we report separate post hoc comparisons for all contrasts across the latent classes.
Results
Description of the Study Sample
The proportion of patients according to surgical site was as follows: 47% of patients underwent surgery on extremities, 29% had surgical spine interventions, 12% had surgeries that involved the genitourinary system, and 8% underwent abdominal surgical interventions; 2% had operations on the head and 1% on the thorax. The mean age of our patient's sample was 51.91 (SD ¼ 15.9, median ¼ 51.0, range ¼ 19-88) years, and 45% of the patients were female (for a more detailed description of the sample, see Table 1 ).
Identification of Patient Type with Regard to Postoperative Pain Trajectories
We started our analyses with unconditional latent growth curve (LGC) models (N ¼ 174) in order to gather information about interindividual variation in postoperative pain trajectories. The first model was a simple one-class LGC model [41] , yielding an average pain trajectory with an initial pain intensity (intercept) of 3.97 (t ¼ 19.94, P < 0.001) and a significant average rate of pain resolution (slope) of 0.36 scale points per day (M ¼ -0.36, t ¼ 11.69, P < 0.001). A linear specification adequately described the trend; therefore, we did not include quadratic or higher-order trend parameters [41] . The LGC model showed substantial and highly significant variation both with regard to initial pain intensity on the first postoperative day (Var(Intercept) ¼ 6.41, t ¼ 11.69, P < 0.001) and rate of pain resolution (Var(Slope) ¼ 0.18, t ¼ 6.54, P < 0.001). As an illustration of this variability, the distributions of estimated individual intercepts and slopes are displayed in Figure 1 . It can be seen that the estimates of the average initial pain intensities ranged from close to 0 to roughly 9.5, which represents almost the entire range of the NRS used (0-10). With regard to individual rate of pain resolution, the lower panel of Figure 1 shows that the "steepness" of the trajectory was as low as -1 in some patients, indicating a fast pain resolution of one point on the NRS per postoperative day, while a small group of patients even displayed tendencies of pain aggravation after surgery (indicated by positive slope estimates).
Evaluations of the explored multiple-class growth mixture models can be found in Table 2 . Results for the multiple-class growth mixture model (GMM) specifications (models 2-5) were readily interpretable, as will be detailed below. Both model fit (i.e., low BIC) and likelihood ratio tests unambiguously favored a three-class solution (model 3), in which the groups were clearly distinguishable on the basis of both initial postoperative pain (intercept) and pain resolution (slope). When a fourth class was added (see model 4), the BIC value increased, indicating an increase of model misfit, and the likelihood ratio test for incremental model fit turned out to be nonsignificant; hence, the four-class model was rejected. In sum, the three-class GMM (model 3) was accepted as the final (unconditional) model. The substantive model estimates are displayed in Table 3 and are graphically illustrated in Figure 2 , along with observed individual acute pain measurements. As can be discerned in the plot, there were two groups of patients (classes 1 and 2) who exhibited favorable acute pain trajectories (i.e., significant negative slopes, indicated by the dashed mean trajectories). The main difference between these two groups was that the larger class 2 (N ¼ 99 patients, comprising 56.9% of the sample) was generally unproblematic, exhibiting rather low initial pain intensity (mean intercept M ¼ 2.10, P < 0.01) (Table 3) day 1 (mean intercept M ¼ 6.67, P < 0.01) but showed a fast pace of pain resolution (mean slope M ¼ -0.92, P < 0.01). Patients in these two groups comprised roughly 87% of the total sample; hence it is to be noted that the vast majority of patients showed successful recovery from surgery in terms of reported acute pain. However, there was also a problematic group of patients (class 3, N ¼ 24, 13.4%) who reported high pain intensity on the first day after surgery (mean intercept M ¼ 5.94, P < 0.01) and a flat slope (i.e., neither pain resolution nor aggravation, mean slope M ¼ 0.13, P ¼ 0.20) throughout the first five postoperative days.
Prediction of Class Membership Based on Preoperative Pain
Next, we examined whether the three patient groups could be predicted on the basis of their preoperative baseline pain. We thus extended our model by including preoperative pain as a covariate of class membership (model 5 in Table 2 ). The sample size was slightly reduced (N ¼ 147) because baseline pain measurements were missing for some patients. Table 4 displays parameter estimates from the final growth mixture model (GMM) with covariates. Most importantly, pain trajectory class membership was not predictable based on preoperative pain in a multinomial logistic regression (coefficients not shown in the table). The effects of preoperative pain intensity on both the contrast "class 1 vs class 3 membership" (OR ¼ 0.48, 95% CI ¼ 0.06-3.56, P ¼ 0.47) and on the contrast "class 2 vs class 3" (OR ¼ 0.32, 95% CI ¼ 0.04-2.33, P ¼ 0.26) were not significant. Hence, our typology based on patients' acute pain trajectories did not turn out to be redundant even when assessments of preoperative pain were taken into account. Instead, it had a unique predictive value with regard to the development of CPSP (see the next section), apart from preoperative pain intensity.
We also tested whether body part operated upon predicted patients' class membership via multinomial logistic regression, with class 3 (high initial pain-no resolution) as the reference category, but there were no significant effects (not shown).
Use of the Patient Typology for the Prediction of Chronic Pain
In the final set of analyses, we examined whether any patient group had a particularly elevated risk of developing CPSP, after controlling for preoperative pain intensity. The analyses (Table 4) Table 4 additionally shows the results from a post hoc mean comparison (Wald test) across the three identified groups. Patients in class 3 displaying problematic trajectories had significantly higher chronic pain NRS scores than the remaining two groups, which reported equally low chronic pain intensities at follow-up.
Discussion
Recent work has demonstrated that repeated postoperative pain measurements are superior to single measurements both with regard to reliability [30] and predictive validity when the goal is to identify patients at risk for developing CPSP [41] .
In the present article, we aimed to extend this work by providing more detailed accounts of interindividual variability regarding postoperative pain trajectories. For this purpose, we developed an evidence-based typology of patients with differently shaped pain trajectories.
We think that our study is of considerable clinical relevance because the employed modeling approach is able to identify and quantify the respective proportions of patient groups faring better or worse in terms of acute pain after surgery. In the analyzed sample, there was a share of around 13% of patients who struggled with high pain intensity on postoperative day 1 and whose reported pain intensity did not decrease but stagnated at this elevated level across the first five days after surgery. Furthermore, these unfavorable trajectories also translated into significantly higher pain intensity at six-month follow-up, as indicated by numerical rating scales. In this patient group, acute pain might have been inadequately treated, or these patients may have been nonresponders to their medication. Gerbershagen et al. argue that the administration of analgesics should be adjusted according to the individual patient's reported pain scores and desire for additional medication [42] . Particularly, in light of the current opioid epidemic, which has been well documented in the United States [43] and other parts of the world, patients must be informed about the negative consequences of a long-term intake of opioids and about alternative treatment options. Before the surgical procedure, an opioid addiction must be excluded within the informed consent discussion. During the acute postoperative phase, the patient requires an analgesic medication adapted to his or her individual needs, whereas nonopioids and opioids are of great importance. In accordance with the decrease of acute pain intensities, there must be a gradual reduction of the opioids analgesics until a total abstinence from opioids is reached. If a complete withdrawal from opioids during the hospital stay is not possible, it is important to make sure that the opioid medication does not get continued uncontrolled.
Comparing the two groups with high initial pain intensity on day 1 after surgery (group 1 and group 3), it was remarkable that high initial pain did not per se seem to be predictive of significant increased pain intensity six months after surgery. Rather, if the pain resolved steadily until the fifth postoperative day, which was the case for roughly 30% of the studied patients, the risk of suffering from increased pain intensity six months after surgery was as low as for group 2, which started out with low pain intensity (and experienced further pain resolution, 57%). At least in our study sample, it was thus no more harmful if patients started out with higher pain intensity after surgery, as long as they showed a favorable resolution trajectory. This leads to the question of why the two groups showed such marked differences in pain resolution. Previous analyses suggest that psychosocial variables such as depression and anxiety [41] may play a role in pain resolution by influencing degree of support, but further research is required for conclusive answers. Given the complex etiology of pain that extends or emerges after surgery, individualized interventions should be implemented [20] . This includes an analgesic medication adapted to the patient's individual needs, as well as nonpharmacological therapies (physical measures such as cold applications, lymph drainages, etc.) and psychotherapeutic interventions, if needed [43] . According to Gr€ awe et al., a presurgical pain-related education, as recommend by the S3 guideline "Acute Pain," is an appropriate supplement to medical pain therapy [44] .
A methodological limitation concerns the generalizability of our findings. As we have mentioned above, our analyses were rather exploratory in nature. Hence, we had to make some decisions regarding model specification (e.g., number of classes). The number and interpretation of classes may depend on the studied patient population to some degree, for instance, diagnosis and type of surgery, so we strongly encourage replications with different patient populations. However, we noted that in our sample there were no clear effects of surgical intervention (i.e., body part operated on) on postoperative pain trajectories. This implies that our acute pain typology does not merely mirror the specific composition of our patient sample but that in each group there were patients from different types of surgeries.
Although we did not want this limitation to go unmentioned, the primary goal of our study was to describe interindividual variations in pain trajectories rather than to causally explain them. New statistical tools such as growth mixture modeling can obviously offer great potential for obtaining relevant clinical information from repeated measurements of clinical parameters. We have demonstrated that resulting classifications may be useful for identifying groups of patients who are particularly vulnerable to pain chronification, even when preoperative pain level is taken into account.
